Seventeen Salmonella enterica serovar Hadar isolates recovered from bison were found to possess a range of virulence genes and resistance to tetracycline, gentamicin, sulfamethoxazole, and streptomycin simultaneously. A 1-kb class 1 integron containing the aadA1 gene was identified in all isolates. Pulsed-field gel electrophoresis found that all isolates were closely related, indicating the possibility of cross-contamination during processing.
Bison meat is a relatively new, emerging meat species available in U.S. and European meat markets. Our laboratory recently reported the prevalence of Salmonella enterica serovar Hadar, Escherichia coli O157:H7, and Listeria monocytogenes on bison carcasses (19) . Compared to other meat species, bison are typically not subjected to subtherapeutic doses of growthpromoting hormones or antibiotics (12) , which suggests that microorganisms from bison may have different antimicrobial resistance profiles. In the present study, the antimicrobial susceptibility profiles of Salmonella isolates recovered from bison were determined. The presence and the location of the class 1 integron, as well as the ability to donate resistance genes to other isolates, were also investigated in antimicrobial-resistant isolates. The prevalence of virulence genes, pulsed-field gel electrophoresis (PFGE) profiles, and plasmid profiles were also investigated.
(Portions of the data from this study were presented at the 85th Conference of Research Workers in Animal Disease [CRWAD] , Chicago, Ill., November 2004.)
Seventeen Salmonella serovar Hadar isolates included in this study were recovered from 703 carcass surface swabs as described previously (19) . Three isolates were from preevisceration, three were from post-USDA inspection, four were from postwashing, and seven were from carcasses chilled for 24 h. All isolates were collected in the same sampling visit and from bison carcasses processed on two consecutive days.
Presence of antimicrobial resistance among Salmonella from bison carcasses. The emergence of multidrug resistance among Salmonella spp. is an increasing concern. Salmonella serovar Hadar has been reported as one of the most resistant Salmonella serotypes (9, 31, 32) .
Resistance to ampicillin, streptomycin, nalidixic acid, kanamycin, and tetracycline is observed most frequently. In the present study, antimicrobial MICs of all Salmonella isolates were determined using the National Antimicrobial Resistance Monitoring System (NARMS) panel (CMV5CNCD) (Trek Diagnostics, Westlake, OH). Table 1 shows the recommended resistance breakpoints (22) and results of antimicrobial susceptibility testing for all isolates tested. All 17 Salmonella serovar Hadar isolates displayed multiresistance to tetracycline, gentamicin, streptomycin, and sulfamethoxazole. No isolates were resistant to the other 14 agents tested.
MIC 50 s, MIC 90 s, and the range of MICs were calculated to describe the antimicrobial susceptibility profiles observed. It was interesting to note that all the antimicrobial agents tested except ciprofloxacin and gentamicin had the same MIC 50 and MIC 90 . Ceftriaxone, ciprofloxacin, and trimethoprim-sulfamethoxazole were the most active antimicrobial agents against strains tested, with MIC 90 s of Յ0.25, 0.06, and Յ0.12 g/ml, respectively. Ampicillin, ceftiofur, and nalidixic acid also exhibited good activity against Salmonella, with MIC 90 s lower than 2 g/ml.
Ciprofloxacin is the drug of choice for treating potentially life-threatening Salmonella infections caused by the multidrugresistant strains in adult persons (16) . Recent studies have documented the emergence of ciprofloxacin resistance in Salmonella from foods (20, 24) , with nalidixic acid resistance indicated as a first step in the development of resistance to ciprofloxacin (31) . Nalidixic acid-resistant Salmonella serovar Hadar usually displayed decreased susceptibility to ciprofloxacin, with MIC 90 s up to 1 g/ml (31, 32). In our study, both nalidixic acid and ciprofloxacin were highly active against the Salmonella isolates, with MIC 90 s of Յ2 and 0.06 g/ml, respectively. Extended-spectrum cephalosporins, especially ceftriaxone, are also important antimicrobial agents for treating invasive salmonellosis, according to Yan et al. (33) . Our study found that all the Salmonella serovar Hadar isolates tested were susceptible to the cephalosporins, with a MIC 90 value for ceftriaxone of less than 0.25 g/ml. These findings suggest that resistance among Salmonella organisms from bison is limited to specific drugs but that those used to treat human illness are still effective.
The emergence and development of antimicrobial resistance have been linked to the wide use of antimicrobials in veterinary practice (15, 18, 21, 30) . In the present study, all the Salmonella serovar Hadar isolates exhibited resistance to tetracycline, gen-tamicin, streptomycin, and sulfamethoxazole, which are widely used in other animal production environments for the treatment and prevention of disease and growth promotion. The results of this study suggest the persistence of antimicrobial resistance in the absence of selection pressure, which is in agreement with previous studies (1, 23) .
Presence of class 1 integrons, conjugation experiments, and Southern hybridization. Integrons are mobile DNA elements that can capture and integrate antimicrobial resistance gene cassettes via a site-specific recombination event (2, 14) . Class 1 integrons are considered most common in clinical isolates (8, 25) . PCR assays were carried out to determine the presence of class 1 integrons (conserved sequence) and integrase (intI) with primers (Table 2 ) and conditions described previously (1) . Results showed that all Salmonella isolates were positive for integrase (intI) and possessed 1 kbp of class 1 integron amplicon. DNA sequencing showed that the integrons contained aadA1 genes, which confer streptomycin-spectinomycin resistance (5) .
Studies have reported that class 1 integrons were located on a transmissible plasmid and could donate resistance to other isolates (7, 34) . Conjugation studies were conducted (4) to determine whether the class 1 integrons were transferable to Salmonella serovar Typhimurium strain 475 by using two antimicrobialresistant Salmonella serovar Hadar strains (35-32 and 36-1) as donors. Results showed that both of the donor strains could not transfer the class 1 integrons to the recipient. Further analysis with Southern hybridization (26, 29) confirmed that the class 1 integron was not located on a plasmid. Similar results have been described by other investigators (10, 27).
Presence of 17 virulence genes associated with the pathogenesis of Salmonella. The presence of 17 genes associated with the pathogenesis of Salmonella was detected using PCR assays and the primers (Table 2) and conditions described previously (28) . Fourteen genes assayed in this study, including invA, orgA, prgH, spaN (invJ), tolC, sipB, pagC, msgA, spiA, sopB, lpfC, pefA, spvB, and sifA, encode products associated with cellular invasion, survival within a cell, adhesin, or pilus production (28) . The remaining genes are associated with other traits important in Salmonella pathogenesis, such as iron acquisition (iroN and sitC) (3, 17) and toxin biosynthesis (cdtB) (13) . PCR assays showed that 14 of the 17 genes tested (invA, prgH, orgA, spaN, tolC, sipB, sopB, sitC, sifA, lpfC, iroN, pagC, msgA, and spiA) were found in all of the Salmonella serovar Hadar isolates from bison carcasses. None of the serovar Hadar isolates possessed the spvB, cdtB, or pefA gene. One possible reason for the discrepancy is that all 12 of the genes detected are located on the Salmonella chromosome, while spvB and pefA are located on the Salmonella virulence plasmid (11) .
A similar study examined the distribution of these 17 virulence genes in Salmonella isolates from sick and healthy birds (28) and found no significant difference in the rates of occurrence of these genes, suggesting that these virulence genes are widely distributed among Salmonella (28) . The present study used the same gene panel and also found that Salmonella isolates from bison appear to possess pathogenic potential similar to those of avian species, supporting the wide distribution of these genes. PFGE and plasmid analysis. PFGE and plasmid profile analysis are useful epidemiological tools with which to investigate Salmonella-related outbreaks and trace the origins of the organism. PFGE analysis with the XbaI restriction enzyme (6) revealed four different banding patterns among the 17 isolates, which were grouped into two closely related genetic clusters (groups A and B) with a similarity of greater than 85%. Group A was seen in 15 of the 17 isolates (88.2%). Group B was seen in 2 of the 17 isolates (Fig. 1) . PFGE patterns showed no relationship with the sampling sites where the isolates were recovered. As with the PFGE profiles, the plasmid profiles of all isolates fell into two groups. Fifteen of the 17 isolates (Fig. 1 ). Further analysis with restriction enzymes EcoRI and HindIII showed that all the isolates that possessed the same plasmid profiles exhibited identical restriction patterns (results not shown). The addition of plasmid profile analysis with PFGE allowed the PFGE patterns to be differentiated into five subgroups, suggesting that plasmid analysis may provide additional information during epidemiological investigations.
It was interesting to note that 13 of 17 Salmonella serovar Hadar isolates exhibited very similar PFGE patterns (similarity, Ͼ90%), antimicrobial susceptibilities, plasmid profiles, distributions of virulence genes, and class 1 integrons. It appears that cross-contamination most likely occurred during processing and handling, which would account for the isolation of the organism at different stages of processing from different carcasses. However, cross-contamination cannot be the only explanation, as the isolates were recovered from samples processed on two consecutive production days. The bison slaughter line visited in this study was very slow, processing approximately 60 bison per day. Therefore, it is also likely that all of the bison sampled were probably from the same ranch or infected from the same source. This study further concludes that slaughter hygiene practices are critical areas for ensuring the safety of processed bison.
